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THE  PROBLEM 

TM  purpose  of  thU  roport  U  to  provlda  within  a  tingle  doc  us  sot,  a 
aompapdlua  of  dwci  an  Haul -up  Dlrplaye  (HUD  a)  In  U.  S.  Nary  and  U.  8. 

Marina  Ccrpe  aircraft  that  la  germane  to  •  Human  Fac  ora  asseasmant  of  HOD 
daalm  on  ollot  Darfcnaanca . 

Tha  data  in  this  roport  war  a  conpUad  from  current  Ntval  Air  Training 

and  Oporctlng  Procaduraa  Standardisation  (NAT OPS )  manuals  and  dosign  apaci- 

ftoattona  for  each  of  tha  HUD  units . 

* 

PXMXNO0 

r 

Oparsticoal  HUD  a  won  found  to  vary  dramatically  from  aach  othar  and  tha 
Military  spr'dflcatloQ  for  HUD  a,  MIL-D-H641  (AS) ,  with  rasp  act  to  symbology 
mad  tormating.  Furthermore,  display  cluttar  was  raportad  by  pilots  to  ba  a 
major  problem.  A  oomprahanolva  information  procaaalng  evaluation  of  virtual 
Image  aymbolt  and  formating  undar  dynamic  conditions  was  r  screen  and  ad. 

finally,  dogs  of  tbs  currant  Navy  aircraft  has  a  HUD  control  panel  that 
oompliaa  to  MQL-D-Blf  41  (AS) ,  tha  military  opacification  for  HUUs.  Pilots  arc 
required  to  bring  thalr  eyas  back  "into"  tha  cockpit  to  ensure  proper  twitch 
selection  and.  consequently,  negate  tha  primary  purpose  of  maintaining  a  head- 

vpsttds. 
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I.  INTRODUCTION 

Heed-up  display*  (BUD a)  utilise  cathode  ray  tubaa  and  oolUaatlag  optica 
to  pro) act  display  information  oa  a  combining  glass  mounted  in  Croat  of  tha  pilot's 
ayaa  ■  »y  looking  through  tha  ooabiner ,  tha  pilot  can  monitor  instrmaaot  dis¬ 
play  symbology  and  rail -world  targets  at  similar  optical  dlatanoas.  and  than 
raduoa  tha  need  lor  reecoomaodatloa  whan  looking  from  oes  to  tha  othsr . 
Advances  la  HUD  tachnology  bars  proyraasad  at  a  rapid  pact  and  hers  produced 
a  variety  cl  HUD  models.  Tha  U.  t.  Nary  and  U.  8.  Karina  Corps  ha*s  tour 
operational  aircraft  that  cany  HUDs.  Those  aircraft  era  tha  A-4M ,  A-7I ,  AV-IA , 
and  P-14A .  Kith  tha  addition  of  tha  torthuomlag  F-il,  thtrs  will  ba  firs  HUDs 
which  have  boon  dcaignad  to  acormmodsts  spscific  Navy  and  Marina  Corps 
aviation  ml  salons  and  weapons  delivery  systems.  Tibia  I  presents  tha  nomen¬ 
clature  and  manufacturer  for  each  of  these  five  HUD  systems. 

Unfortunately,  tha  Human  Factors  evaluation  of  HUDs  has  not  kept  paoa 
with  technological  advances.  Tha  Human  Factors  login  earing  specification  deal¬ 
ing  with  HUDs,  MS1-D-81C41  (AS) ,  is  baaed  primarily  oa  expert  opinion  and  not 
an  data  from  controlled  experiments.  Consequently,  research  on  how  HUD 
design  affects  pilot  performance  needs  to  ba  dona.  Igan  and  Good  son  (S)  have 
reviewed  MXL-D-I1CI1  (AS)  and  the  Human  Factors  literature  on  HUDs  and  have 
made  raoommandationa  ter  research.  However ,  specific  Information  on  the 
design  of  operational  HUDs  la  difficult  to  oollaot  aud  collate  due  to  tha  limited 
distribution  of  design  opacifications ,  and  the  racurrant  updating  of  tha  Naval  Air 
Training  and  Operating  Procedures  Standardisation  (NATO PS)  manuals. 

Tha  present  report  provides  a  oompeodlum  of  data  on  operational  HUDs  in 
U.  A.  Navy  and  U.  S.  Marins  Corps  aircraft  that  la  gsrtaaneto  a  Human  Factors 
assessment  of  the  affects  of  HUD  design  on  pilot  performance.  The  data  In  this 
report  war*  primarily  oompllad  from  currant  NAT  OPS  manuals  and  detail  ad 
design  specifications  for  each  of  tha  HUD  units .  Interviews  with  pilots  provided 
aneodotal  information .  The  report  la  presented  In  two  aectfona.  First, 

•pacific  comparisons  are  made  among  tha  formats  and  symbologies  found  in 
operational  HUDs  and  those  recommended  in  XIL-D-I1I41  (AS) .  Then,  the  HUD 
oootxvi  units  are  reviewed  with  respect  to  control  switch  type,  location,  nomen¬ 
clature,  function,  and  mods  of  operation. 

D.  HUD  SYMBOLOGY 

COMPARISONS  a  SYMBOLS  ACROSS  AIRCRAFT 

Table  n  prasenta  tha  HUD  symbols  used  in  tbs  A-OI,  A-72,  AV-JA,  snd 
F-14A  aircraft  and  tha  symbols  specified  In  MIL-D-I1M1  (AS)  (1-10,  13- 15). 

It  should  be  noted  that  Table  U  depicts  only  the  form  of  asch  symbol  and  is  not 
•  representative  oompexison  of  symbol  else  snd  lisa  widtu .  When  an  aircraft 
did  not  have  s  symbol  thst  was  functionally  tha  asms  st  that  specified  by 
MXL-D-S1M1  (AS) ,  a  NON!  was  entered  for  thst  cell  of  Table  D. 
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Table  I 
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Table  D 

Conporioon  of  HDD  Sjrmbolofy 


Takk  Q 

Caaparitcn  of  HUD  Symbolofjr  (Cont’d) 


TaWt  D 

•t  HUD  Sjoa>olac7  (Coat'd) 


A- 411  A-7E  AV-8A  I  H4A 


w 


CLOSURE 

RATE 


A!*% 

RETICLE 


STANDBY 

REDClE 


X 

£ 

■ 

NONE 

■ 

NONE 

NONE 

NONE 

❖ 

H9 

m 

-8~ 

B 

NONE 

w 
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As  can  be  ratal. y  observed  from  Table  h,  symbology  varies  dramatically 
across  aircraft.  As  has  bsan  previously  noted  by  Egan  and  Goods  n  (3) .  little 
is  known  of  whs:  display  symbology  is  bast  from  a  human  factors  an  gin  raring 
standpoint. 

DISPLAY  MODES  AND  DISPLAY  CLUTTER 

Figures  1  through  8  present  the  display  mods')  tcoordlng  to  MIL-D- 
1)141  (AS)  for  takeoff/ navigation,  terrain-following  bombing,  boraslght  weapon, 
guided  weapon,  end  landing .  Figure  7  dap  lets  the  specified  field  of  view  and 
appropriate  symbol  locations .  Display  and  test  inodes  ate  shown  for  the  A-4M 
la  Figures  8  through  10,  the  A-7E  in  Figures  11  and  12,  the  AV-8A  in  Figur  *.■> 

13  and  14,  and  the  F-I4A  ebrera^  la  Figures  18  through  28. 

As  can  be  observed  from  Figures  1  through  28,  the  display  formats  vary 
considerably  across  the  aircraft  and  do  not  conform  to  Ktt-D-81641  (AS) .  Soma 
obvious  differences  between  *be  display  formats  are  the  ebept ,  the  number ,  end 
the  arrangement  of  tins  symbols  presented  during  tny  particular  mode  .  It  is 
difficult  to  argue  that  M1L-U-I1841  (AS)  defines  the  optimal  set  of  symbols  and 
formats  to  be  used,  since  experimental  data  on  virtual  image  symbols  and  form  eta 
are  minimal .  However.  It  would  teem  appropriate  for  the  formate  to  conform  to 
Navy  specifications  in  order  to  maintain  standardisation  across  aircraft . 

Anecdotal  evidence  frem  pilots  Indicates  thet  display  clutter  Is  a  major 
problem.  This  is  supported  by  a  survey  (11)  which  indicated  that  A-7  pilots 
turned  their  HUD  eff  because  they  felt  it  interfered  with  their  performance.  Dis¬ 
play  clutter  is  the  most  common  subject  of  complaint  by  pilots.  Pilots  would  like 
to  have  a  greeter  control  over  the  Information  presented  on  the  HUD  during  the 
various  phases  of  their  missions.  The  declutter  switch  on  the  A-4M  and  on  the 
P-14A  was  designed  with  this  purpose  in  mind .  However.  A-4M  and  F-14A 
pilots  still  argue  that  they  do  not  have  enough  control  over  the  displays . 

An  initial  step  in  minimising  displsy  clutter  would  be  to  determine  what 
information  is  essential  for  each  mode,  and  present  only  that  information  on  the 
HUD.  For  example,  attack  pilots  report  that  during  a  dive  bombing  run,  altitude, 
heeding,  airspeed,  end  pullup  anticipation  cue  symbols  we  not  monitored  end 
need  not  be  displayed .  These  symbols  are  reported  to  distract  the  pilot  and 
interfere  with  his  ability  to  maintain  the  HUD  target  symbol  in  alignment  with 
the  designated  bomb  target . 

It  should  be  remembered  the  displays  depicted  in  Figures  1  through  18 
are  dynamic  displays.  Symbols  ire  constantly  moving  or  changing  their  values. 
Research  on  dynamic  virtual  image  dispiayn  is  essentially  non-existent.  A  simple 
yet  dramatic  example  of  the  lspact  of  symbology  movement  in  HUD*  can  be  shown 
in  the  AV-BA.  As  shown  in  Table  II.  the  AV-8A  has  digital  altitude  and  airspeed 
symbols.  When  the  aircraft  is  in  relatively  stable  flight,  such  ns  in  a  hover  or 
flying  the  airways,  the  altitude  and  slzepeed  displays  can  be  easily  read.  How- 
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•w .  when  tha  plans  la  In  a  diva  or  a  climb ,  tha  pilot  cannot  accurately  rtad 
althar  display  because  of  tha  plana'a  rapidly  changing  altltuda  and  air apaad .  Tha 
OMd  tor  a  ooaprahanalva  Information  procsaatng  evaluation  of  virtual  image 
•ytnbolo  and  tor  mating  under  dynamic  condltlcna  ahould  b*  obvious , 

IQ.  PILOT  CONTROL  UNITS 

Datelkd  daacrlpdona  of  •  witch  type,  kx* ion ,  nomanolatura.  function, 
and  operational  modes  tor  each  of  the  pilot  HUD  control  unite  are  presented  in 
tide  section ,  along  dth  the  modte  of  operation  and  manual  oonbrola  jpedfled  by 
M&.*0-tll41(AS) . 

A.  A -4*4  lAN/AVQ-24) 

The  A -04  la  a  single  eeat  attack  aircraft, 

Location  and  Switch  Tyne 


Figure  21  preeents  the  HUD  control  unit  In  the  A-4M  as  viewed  from  the 
pilot's  eeat ,  The  HUD  in  the  A-4M  le  referred  to  ae  tha  Digital  Display  Indi¬ 
cator  and  le  located  on  the  top  center  portion  of  the  Inatruoent  panel.  The  con¬ 
trols  for  the  HUD  are  locrted  on  the  port,  starboard ,  and  eft  sections  of  the  unit . 
On  the  port  tide  of  the  HUP  there  «e  a  three  position  toggle  rwltch  labeled  test, 

M ,  end  DCLUTR .  A  .otary  ewltoh  on  the  port  elds  eervee  as  the  on/off  end 
brightness  control ,  On  the  starboard  tide  of  the  hUD  unit,  a  three  position 
rotary  switch  le  located  that  functions  as  the  on/off  end  brightness  control  for 
the  standby  reticle.  The  aft  portion  of  the  HUD  has  a  rotary  QF8  switch,  e 
rotary  wingspan  switch,  e  three  position  toggle  switch  labeled  1,2,  end  3.  end 
e  rotary  mode  selector  switch  labeled  A/A.  NAV,  CCIP.  BARO,  and  M8L. 

Table  ID  presents  the  HU  j  control  nomenclature  end  function  description? 
tar  the  A-4M  aircraft  (8) . 

Modes  of  Operation 

The  A-U  HUD  has  sir  modes  of  operation .  The  display  format  for  each 
■ode  Is  presented  in  another  portion  of  this  report . 

X.  Air -to -Air  tFlg.  t) 

2.  Air- to -D round  (FARO)  (Fig*.  8,  10) 

3.  Air -to-G round  (CCIP)  Plgo.  I,  •) 


4.  Navigate  (Fig.  8) 
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Ttbum 

HUD  Cootrol  Nomenclature  Function  tor  the 
A-4M  Aircraft* 


Control  Nomenclature 

Function 

TOY  RTCL  OFT/BRT 

/ 

Combined  switch  potentiometer  selects  ON { 

Off  end  oontrols  brilliance  of  standby 
eight  symbol . 

HUDOFP/BRT 

Combined  switch  potentiometer  selects  ON/ 

Off .  and  adjusts  CRT  symbol  brilliance . 

WINGSPAN  (W/SPAN) 

Provides  adjustment  for  target  wingspan 
between  20  and  120  feet.  Adjusts  missile 
boresight  circle  diameter  when  in  missile 
mode. 

qn 

Provides  adjustment  to  local  barometric 
pressure  altitude. 

«VTN  12  3 

Three-position  switch  used  tn  sol  set  type 
of  weapon . 

TIST/N/DCLUTR 

Three -position  toggle  switch . 

1.  Upper  position  -  provides  a  fixed , 
aelf-teet  display 

2.  Canter  position  -  provides  a  normal 
system  operation  according  to  mode 
selector 

8.  Lower  position  (DCLUTR)  -  removes 
speed,  eltltudo,  end  heading  indica^r 
aymbola  from  display 

Mode  select  a  witch  (BARS  posi¬ 
tion) 

Digital  display  indicator  displays  baro-  , 

metric  r<ileuee  air-to-ground  (BARO)  sym¬ 
bology  . 

Mode  select  switch  (CCIP  posi¬ 
tion) 

Digital  dlepla  /  indicator  displays  contin¬ 
uously  computed  impact  point  air-to- 
ground  CCC1P:  symbology. 
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TabU  a 
(Cootlausdj 

BUD  Ciatml  Noanodaturs  i&d  Fuactioo  far  tha 
A-4M  Aircraft* 

■BHHMMMMMHHMMMMMHnnnNaMMMHMMMHMH 

Cwtrol  NooMoelatura  Function 

Mada  aalact  twitch  (RAV  pod  doc)  Dfgl  al  display  Indicator  dig)  lays  atri- 

gstion  symbology  including:  beading 
act  la,  pitch  and  roll  attitude,  abspsad. 
tad  altituda  acala. 

Mode  aalact  twitch  (A/A  position)  Digital  display  indicator  displays  aiming 

sight,  rang  a  octagon,  tracer  line,  and 
guneruee  air-to-air  symbology. 

Mods  sal  act  switch  (MSL  petition)  Digital  display  Indicator  displays  mijsilt 

symbology  g uncross  symbol  usad  for 
mla*Ue  barsaighting.  Missile  ba  aalfbt 
stole  rarlad  by  wlagapan  control  and 
pitot  sat  to  boraatgbt  tolerance  allowsbla 
ooa  miaalla  aslactad . 


*  Adapt  ad  frost  A-4M  HATOFS 


i 

t 


f 

t 


i 
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I  Missile  (Fig .  10) 

I.  Standby  (Fig.  9) 

Other  HUP  Inpute 

inputs  to  lha  A-4M  HUD,  other  than  thoss  on  ths  unit  ltsalf,  can  b«  mads 
oeaputMr  control .  Manual  Inputs  through  ths  oomputsr  control  panel 
m  ***•  pest  section  of  ths  Instrument  panel  include:  depression, 
wiadepoed,  wind  heading,  drift ,  release  altitude,  and  target  altitude  information 
required  for  weapon  delivery .  A  thumbwheel  located  on  the  forward  face  of  the 
throttle  serves  at  u  range  control  ueed  in  «Lr-to-air  calculation,  of  stadlamstrlc 
range. 

».  A-71  (AN/AVQ-7) 

The  A-71  la  e  single-seat  attack  aircraft. 

Control  Location  ant?  Switch  Type 

Figure  30  presents  tha  HUD  oontrol  unit  In  the  A-7B  ee  viewed  from  the 
pi!  Jt’e  sect .  The  HUD  in  the  A-71  la  referred  to  as  the  Pilot's  Display  Unit,  end 
is  located  on  the  top  center  portion  of  the  control  panel .  Tha  In-mge  indicator 
(IN  UNO)  la  located  on  the  aft-aterboard  combiner  support,  A  oombinar  position 
level  la  located  on  'he  eft-port  combiner  support .  The  remainder  of  the  controls 
ere  positioned  on  the  after  section  of  the  Pilot's  DU  play  Unit  and  Include  the 
following:  e  two  position  toggle  switch  for  panel  light  oontrol,  a  rotary  switch 
for  HUD  on/off  and  brightness  control,  a  rotary  twitch  for  standby  raticie  on/cif 
and  brightness  oontrol,  a  two  poeltkn  toggle  switch  for  selecting  barometric  or 
radar  altitude,  a  two  position  toggle  twitch  for  taat  display  presentation,  a 
rotary  filter  knob  for  Inserting  or  removing  the  night  filter,  end  e  rotary  standby 
retie/ e  depression  switch.  Also  located  on  the  after  portion  of  the  control  unit 
is  a  b?L  lrdicator  window  which  displays  the  depression  angle  of  the  standby 
reticle. 

Table  IV  presents  the  HUD  control  nomenclature  and  function  for  the  A-7E 
aircraft  (9) . 

Modes  of  Operation 

•'•he  A-7B  haa  tsn  mod of  operation.  The  display  formats  for  each  mode 
are  presented  in  Figures  11  and  12. 

1.  Radar  Bomb  (Fig.  11} 

2.  Radv  Bomb  Offaat  (Fig.  11) 
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Tatis  IV 


ftUD  Control  Nomenclature  and  Pune  don  for  the 
A-7£  Aircraft* 


Coorrol  Nomenclature  Puaetioo 


m  UNO  indicate'.  ON  -  Indicate  PLR  U  la  AGB  mode  and  is 

locked  on  a  target  within  a  pratalectad 
range .  Range  is  set  on  the  Range  Set 
thumbwheel  oontrd  oa  instrument  panel . 
The  light  la  not  controlled  by  the  Tactical 
Computer . 

PNL  LT8  switch  PNL  LT8  •  turns  on  HOD  panel  lights. 

OFF  -  turns  off  HUD  panel  lights . 

*TBY  R&TICLX  power  and  bright-  BRT  -  clock* la*  rotation  applies  power  to 

aeee  control .  standby  reticle  and  inersasee  reticle 

brightness . 

OFF  -  full  counterclockwise  rotation  turna 
off  otandby  reticle. 

TWT  switch  TEST  -  Initiates  built-in  self-teat . 

OFF  -  disconnects  aalf-teet . 

MELS  Indicator  Indicates  depression  angle  of  standby 

reticle  in  mile. 

Standby  reticle  depression  knob .  DBPR  -  clockwise  rotation  adjusts  the 

standby  reticle  depression  angle  from 
taro  to  219  mile.  Two  detent  position* 
•re  provided ,  one  at  the  tero  position 
and  one  at  approximately  87  mils  (5°) . 

BARO  ALT/RDR  ALT  twitch  BARO  ALT  -  causes  barometric  altitude 

to  be  indicated  on  HUD  altitude  seels. 

RDR  ALT  -  causae  Rader  Altimeter  alti¬ 
tude  to  be  indicated  on  the  HUD  altitude 
scale  with  an  index  mark  beneath  the 
numeric.  When  the  Radar  Altimeter  is 
not  locked  on,  (he  HUD  altitude  scale 
will  indicate  0. 


TabU  XV 
(Continued) 

MUD  Control  Nomenclature  and  Function  for  the 
A'7I  Aircraft* 


Control  Nomenclature  Function 


FUTKH  knob  DAY  -  removes  night  flltar  from  field  of  view. 

MOT  -  Inserts  filter  In  front  oi  Ians . 

SCALES  twitch  SCALES  -  displays  strep#  d.  altitude. 

vortical  velocity ,  and  heeding  tym- 
bology. 

OFF  -  removes  scales  ft  m  display. 

HUD  power  and  brightness  control  IRT  -  clockwlss  rotation  applies  power  to 

the  HUD  and  merest  as  tymbol  bright- 

nsee. 

OFF  -  full  oountardockwise  rotation  turns 
off  tbs  HUD  except  for  the  standby 
reticle. 

Coabiner  position  lever  Permits  tors  end  eft  movement  of  combiner 

g Use  to  reiee  end  lower  HUD  field  of 
view. 


•Adapted  from  A-7H  NATOPS. 


S.  Normal  Attack  (Fig.  11) 

4.  Normal  Attack  Offset  (Fig.  11) 

I.  Terrain  Following  (Fig  11) 

«.  Landing  (Fige.  11.  12) 

7.  Navigation  Boob  (Fig.  11} 
f.  Data  Link  (Fig.  11) 
t.  OunKt/OunLow  (Pig.  11) 

It.  Standby  (Fig.  11) 

Other  HUD  Input* 

MOdo  aalaction  In  the  A-7B  la  accompli  ah  ad  through  external  signals  sup¬ 
plied  to  the  KUD  from  the  Master  Function  Selectors .  The  Master  Function  selec¬ 
tors  are  a  series  of  pushbuttons  located  on  the  port  Instrument  panel.  Table  V 
presents  a  listing  of  the  Master  Function  Selectors  and  their  functions  (9) . 

A  Blew  oootrol  for  the  HUD  aiming  symbol  is  positioned  oe  the  aircraft's 
port  Instrument  ooneole.  This  "Joystick"  permits  movements  of  the  HUD  aiding 
symbol  in  elevation  end  axlmuth.  A  reticle  slew  thumbwheel,  which  is 
currently  disabled,  is  located  on  the  base  of  the  throttle  grip  Bid  is  designed  to 
■lew  elevation  oommanda  to  tha  HUD  aiming  symbol . 

C.  AV-IA 

The  AV-BA  la  a  single  seat  attack ,  vertical  short  tsksoff  end  landing 
(V/STOL)  aircraft .  Tha  TAV-8A  la  a  tandem  two-seat  V/STOL  trainer.  The  front 
oockpit  of  the  TAWIA  Is  basically  Identical  to  the  single -seat  AV-IA'e  cockpit. 

The  HUDs  In  each  aircraft  are  identical .  However,  the  TAV-iA  also  has  s  HUD 
in  ths  aft  cockpit .  Therefore,  in  the  Sallowing  descriptions,  controls  and  functions 
will  be  identified  with  respect  to  oockpit.  References  to  ths  frost  cockpit  ere 
applicable  to  both  aircraft . 

Control  Location  and  Switch  Tyr^ 

Figursa  31  snd  32  present  ths  HUD  and  the  HUD  control  penal,  respec¬ 
tively.  for  ths^VV-BA  aircraft.  Ths  pilot's  HUD  oontrol  panel  is  located 
in  the  fcrwsrd  oockpit,  above  ths  pert  instrument  console.  Controls  on  the 
oootrol  panel  Include  the  following:  a  slx-porltlon  rotary  mods  silector 
knob,  a  rotary  display  brightness  control,  a  tvro-poalt'on  toggle  switch  for 
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Table  V 


MwUr  Function  Selectors  for  the  A-7E  Aircraft* 


Control  Nomenclature 


RADAR  BOMB  Select*  th*  H*dar  Bomb  mod*  of  attack  for 

tht  wtapont  delivery  eyttem. 

NORM  ATTACK  Select*  the  Normal  Attack  mode  for  the  wee- 

pone  delivery  system.  Used  for  computed 
lead  for  rockets  and  air-to-ground  gun  mod*. 

TF  Select*  Terrain  Following  mode.  Cauaea 

HDD  end  ADI  to  display  TF  and  Navigation 
node  symbology . 

Select*  the  Automatic  Carrier  Landing  Sys¬ 
tem  (ACLS) .  Caueos  the  HUD  to  display 
lending  symbology .  Tho  HS1  displays 
TACAN  distance  and  bearing. 

Deed  in  conjunction  with  the  Normal  Attack 
or  Radar  Bomb  mode  to  attack  a  target  that 
may  not  be  visible  but  can  be  located  in 
relation  to  an  offset  airapolnt  (OAF) . 

NAV  BOMB  Selects  the  Navigation  Bomb  mode.  Usee 

target  coordinate* ,  ae  atored  in  the  Tac¬ 
tical  Computer  ,  as  a  normal  destination . 

DATA  LINK  Decouples  the  Tactical  Computer  and 

couples  Data  Link  guidance. 

GUN  HI/GUN  LOW  selectors  Selects  the  computer  air-to-air  gun  attack 

mode.  HUD  display*  lead  computing  aim¬ 
ing  symbol .  Computer  update*  are  not 
possible  in  this  mode. 


•Adapted  from  A~7E  NATOPS  . 


LDO 


OFF8BT 


Function 


1* 


displaying  the  tpeed  rrror  ayubol,  a  rotary  twitch  for  adulating  aat  speed,  a 
two-poeltion  toggle  awtuh  for  selecting  indicated  alrapaed  or  mach  number,  a 
two-poelticn  tsggla  on/off  switch  for  selecting  UHP  homer,  a  two-position 
tofgla  on/off  twitch  for  selecting  angle  of  attack ,  a  two-poaitJon  toggle  awltch 
tor  eelecilng  radio  or  barometric  altituda,  a  two-poittioa  toggle  twitch  for 
aal acting  or  daeelect'ng  TACAN  ataarlng,  two  puah-buttona  Ubalad  *TaatM 
and  *2"  that  allcw  taat  pattarna  to  ba  ditplayad,  o  rotary  twitch  for  tatting 
barometric  praaaura  datum,  and  a  rotary  awltch  for  aai acting  air-to-air  jjun 
■ode  and  targat  wlngapan  adjustment. 

Tabia  VI  praaanta  tha  HUD  control  noaanclatura  and  function  for  tha  AV-IA 
and  TAV-IA  aircraft  (7) . 

Modes  of  Operation 

Tha  AV-IA  hat  four  modaa  of  opart tion .  Tha  dlaplay  format*  for  aach  mode 
ara  praa«cr*ad  in  Flguras  13  and  14. 

1.  V/ITOL  CFlg .  13) 

2.  NAVIGATION  (Fig.  12) 

3.  W1AFONS  A  (Fig.  13) 

4.  W1AFON8  B  (Pig.  13) 

Although  a  fifth  raoda,  Weapon*  C,  la  provldod  for  on  tha  HUD  control  panel.  it 
is  currsntly  inoparativa. 

Qthar  HUD  Inputa 

A  HUD  override  pan  a)  la  locatad  on  tha  port  aaction  of  tha  aft  cockplt'a 
tnatrunant  panel .  Tha  ptnal  haa  a  threa-poaition  rotary  switch  Ubalad  NORM, 
V.8TOL,  and  NAV.  Whan  V/STOL  or  NAV  ara  selected,  ealactiona  in  tha  front 
oockplt  ara  ovarrldan.  Whan  NORM  ia  saiactad,  tha  HUD  control  panal  mode 
aalactiona  ara  displayed . 

A  HUD  dlaplay  panal  li  locatad  on  tha  atai board  instrument  console  In  tha 
aft  cockpit. 

"Tha  panal  contalna  two  pr*aet  adjuatoanta  Ubalad  PANEL 
PRESET,  two  taat  buttor.a  Ubnlad  TEST  1  and  TEST  2.  two  pra- 
aet  adjustment*  Ubalad  H,  two  praaat  adjuatreanta  Ubalad  XC 
and  YO.  and  a  control  knob  Ubalad  DIM.  The  PANEL  PRESET 
adjustment*  ara  mad#  bafora  flight  to  aat  tha  hrlghtnaaa  larai  of 
tha  raar  HUD  un!t.  Tha  tact  buttons,  whan  dapraaaad,  cauaa 
a  taat  pattern  to  be  dlcplayad  on  both  HUD  untta .  If  TEST  1 
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Tabic  VI 


KUD  Control  NomeecUtuis  and  Function  for  the 
AV-IA  Aircraft* 


Central  Nonane  la  tura  Function 


HUD  noda  sal  action  knob . 


Display  Brlghtnasa  Central . 


Error  Scala  Switch. 


f  at  Spaad  Control . 


IAS /MACH  Selector  Switch. 


The  node  selector  knob,  labs' ed  OFF, 
V/STOL,  NAV,  WPNS  A,  WPN\  B,  WPN3  C. 
switches  tits  HUD  system  on  and  selects  the 
symbols  required  for  normal  flight  modes. 
The  WPNS  C  mode  is  Inoperative.  Rotating 
the  knob  out  of  the  OFF  position  energises 
the  KUD  system  and  enables  the  UH7  hom¬ 
ing  steering  bar.  Selecting  the  NAV  position 
eelsets  the  navigation  display.  Selecting 
the  V/STOL  position  selects  a  V/STOL  dis¬ 
play  which  is  similar  to  the  navigation  dis¬ 
play  except  for  the  added  sideslip  Indication . 
Optional  symbol  presentations  In  the  two 
mode#  also  vary .  The  WPNS  A  end  WPNS  B 
modes  are  sir -to-ground  weapon  aiming 
modes .  Air-to-air  weapon  aiming  displays 
are  selected  with  the  wingspan  eettlng  knob . 

A  knob  labeled  DIM  adjusts  the  display  in¬ 
tensity  to  s  contract  level  which  is  main¬ 
tained  ActomoUcally  by  the  solar  cell  unit. 

The  ON  position  Is  labeled  ERROR  SCALE. 
The  speed  error  symbol  is  displayed  when 
the  switch  is  ON. 

A  knob ,  labeled  SET  SPEED ,  causes  digits 
Indicating  demanded  speed  to  bo  displayed 
when  the  knob  is  pushed  against  its  sprlnj- 
loeding.  The  lieraanded  speed  displayed 
can  be  adjusted  by  rotating  the  set  speed 
oontrol  knob . 

Determines  whether  IAS  or  Mach  number  is 
displayed  in  the  NAV  mode . 
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Table  VI 
(Continued) 


KUD  Cont rol  Noucenclature  tod  Function  (or  the 
AV-IA  Aircraft* 


•Control  Nomenclature 

Function 

UHF  Homt  Sal  actor  Switch. 

Labeled  HOMER  whan  in  tha  UP  poaitlon, 
parmlta  a  UHF  hoaar  tyrnbol  to  be  displayed 
on  tha  HUD . 

AQA  Selector  Switch. 

Labeled  ADD ,  when  In  tha  UP  poaitlon,  par¬ 
ent*  an  angle  at  attack  aymbol  to  be  dli- 
played  on  tha  HUD . 

Kadlo/Baro  Switch. 

Radar  altimeter  height  car.  ba  dlaplayad  by 
portioning  tha  radio/baro  evitch  to  RADIO . 
The  number  dlaplayad  la  proceded  by  the 
letter  R .  Radar  height  diaplty  it  available 

In  all  mode*  except  air-to-air .  Placing 
tha  twitch  to  BARO  cauaae  barometric 
height  to  ba  dlaplayad  on  the  HUD . 

TACAN  Switch. 

Placing  thla  ewltch  to  tha  UP  poaitlon  per¬ 
mit*  a  TACAN  ataaring  aymbol  to  ba  dia- 
piayad  on  tha  HUD  . 

Bit  Taat  Button*  1  and  2 . 

Parmlta  built-in  taat  equipment  (BIT)  taets 
to  be  atade.  Whan  one  of  the  button*  la  de- 
praaaad  an  aaeoclatad  taat  la  Initiated  end 
a  taat  pattern  le  dlaplayad  for  at  long  aa  the 
button  ta  bald  dtpraaatd . 

Barometric  Praaaura  Datum  Setting 
Control  and  Indicator . 

A  knob  labeled  3BT  IN  HO  adjusts  tha  baro¬ 
metric  praaaura  datum .  Tha  selected  datum 
la  dlaplayad  on  an  Indicator  next  to  tha  knob. 
The  datum  eottlng  nnge  la  from  34.00  to 

11. M  lnchee  of  mercury. 

Vln« ■  pan  Sattlnf  Control  and 
Air-to-Air  Mod  a  Knob. 

An  ON/OFT  control,  labeled  SFAN,  pre- 
aalacta  the  alx-to-elr  gun  mode  whan  rotated 
from  OFF .  Further  rotation  of  tha  control 
set*  tha  wtngapan  of  the  target  for  uea  during 
atadlaaetric  ranging .  Tha  apan  aat  ia  indi¬ 
cated  in  a  window  next  to  tha  control .  A 
epan  range  of  20  to  120  feet  le  available. 

*  Adapted  fro*  AV-IA/TAV-BA  NATCPS 

17 


button  l*  dspreassd  in  either  cockpit,  it  ov<r rides  TldT  2  taleo- 
toM  to  tha  other  oockpit.  The  H  preset  sdjusfcmente  are  made 
before  night  to  harmonise  tha  aiming  point.  TheXOadXY 
praaet  adjuataente  are  nada  before  flight  to  edjuet  tha  display . 

The  DIM  control  knob  adjusts  tha  rear  cockpit  HUD  contrast 
level .  Thia  level  la  than  maintained  automatically  by  tha  rear 
eoiar  call  unit."  («,  p.  282) . 

D.  F-UA  (AN/AVQ-12) 

The  MW  ie  a  tandaa  two-ssat  fighter  aircraft.  Tha  crew  consists  of  a 
pilot  and  a  radar  intercept  officer  (RIO) . 

Control  Location  and  Switch  Type 

Tha  HUD  in  tha  F-14  la  part  of  tha  Vartlcal  Dlaplay  Indicator  Group  CVDIG1 . 
The  other  component  of  VDIG  la  a  head -down  CRT  display,  tha  vertical  dlaplay 
Indicator  (VDI) .  Tha  VDI  and  HUD  simultaneously  procant  mode  Information  to 
tha  pilot. 

Figure  S3  presents  a  picture  of  tha  windscreen  that  serves  as  a  combiner 
to  tha  F-14A .  Note  tha  reflection  of  tha  HUD  exit  lane  on  the  windscreen.  Posi¬ 
tioned  on  tha  lower  starboard  Instrument  console,  part  of  the  VDIG  control  panel 
can  be  seen.  Figure  34  presents  tha  VDIG  control  penal,  aa  seen  from  tha  pilot's 
seat  in  tha  F-14A. 

The  VOIO  oootrol  panel  is  located  on  tha  pilot's  atarboard  Instrument  console . 
Both  VDI  and  HUD  controls  are  on  this  penal.  The  HUD  brlghtneeo  control,  the 
HUD  trim  control,  and  tha  HUD  pitch  ladder  control,  era  all  rotary  switches.  The 
HUD  declutter  ooatrol .  die  HUD  AWL  oontrol ,  and  tha  HUD  power  switch  are  all 
two-position  toggle  switches .  There  are  10  pushbuttons  located  on  the  panel . 

Fire  are  for  mode  selection  and  five  are  for  submode  selection.  Only  one  mods 
and  tubmoda  can  be  selected  at  a  time.  Whan  tha  square  pushbutton  Is  depressed , 
it  automatically  rotates  10°.  This  rotation  piovides  the  pilot  with  easy  recog¬ 
nition  at  what  mode  and/ or  subcode  la  selected . 

Table  VH  presents  the  HUD  nomenclature  and  function  for  tha  F-ltA  air¬ 
craft  (10) . 

Kodss  of  Operation 

The  F-14A  has  five  primary  modes  and  five  steering  command  subtaodet. ' 

1 .  Primary  modes 

a.  Take-off 

b.  Cruise 


Table  VS 


HUD  Control  Nomenclature  and  Function  for  the 
MU  Aircraft* 


Control  Nomenclature 

Function 

■CD  BUT  control. 

Allow*  pilot  to  vary  HUD  brightness 

HUD  THEM  ooatrol. 

Allow*  pilot  to  *d]u*t  pitch  trim  on  HUD . 

KJD  AWL  ewlteh. 

IL8  -  Select*  IAN/8PN-41)  dlepUy  prn- 
•entation  on  the  HUD  during  Landing 
phases. 

ACL  -  Select*  (AN/PSN-4J)  diepley  pie- 
Mntation  on  the  HUD  during  lending 
phase* .  Normally  left  in  the  ACLP  poaition 

HUD  DBCLUTTIR  switch. 

Placing  the  twitch  to  ON  position  reduces 
the  amount  of  ayraboloiy  on  the  HUD .  HUD 
declutter  switch  can  be  used  ta  ell  modes 
except  cruise . 

PITCH  LAD  oontrol . 

Control*  th*  position  cf  the  pitch  laddsr  on 
the  HUD .  To  move  pitch  leddsr  UP ,  the 
oontrol  is  rotated  clockwise .  Counter  clock 
wise  rotation  morse  it  down . 

POWER  switches. 

Three  separate  switches  are  provided  for 

ON -OFT  power  control  of  'he  VDI .  HUD , 
and  HSD/ECMD .  AU  three  switches  must 
be  set  to  ON  to  satisfy  OBC .  In  the  event 
of  display  loss  caused  by  electrical  power 
transient* ,  display  m«y  be  restored  by 
cycling  the  appropriate  ON -OFF  switch. 

MODE  Pushbuttons 

TO  - 

Selects  takeoff  symbology  for  tha  HUD  and 
VDI. 

CRUISE  - 

Select*  crui**  symbology  for  the  HUD  and 
VDI. 

A/A  - 

Selscta  A/A  altack  aymbology  for  tha  HUD 
and  VDI. 

Table  VC 
(Ccatlpued) 


BUD  Control  Noaar.clatura  and  Function  for  ths 
F-1.4A  Aircraft* 


Control  Naosaclaturs  Function 


A/O  -  falscta  A/0  attack  symbology  for  ths  HUD 

and  VDI. 

U)0  -  Sal  acts  landing  C(LS ,  ACL)  symbology  on 

Um  HUD  and  VDI. 


STUB  CMD  Pushbuttons . 

TACAN  - 

Providss  TACAN  steering  and  d aviation 
from  ths  sal  sc  tad  TACAN  radial . 

DMT  - 

Providss  courts  to  selected  presat  desti¬ 
nation  point. 

AWL /PCD  - 

Providss  glldsslops  information  during 
landing  or  precision  courts  direction 
(vector)  Information  during  A/O. 

VIC  - 

Providss  D/L  deviation  stssrlng . 

MAN  - 

Displays  manually  sslscted  course  and 
haadlng. 

•Aosptad  from  F-1U  HA  TOPS 
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«.  Alr-te-Alr 


d .  Alr-to-Orouad 

a.  Landing 

I.  ttaariflf  ooraaand  aubmodac 
«.  TACAM 

b.  Daaflnitlop 

c.  All  Waathor  Lending/PracisJon  oourea  direction. 

a 

d.  Victor 
«.  Mutual 

Combination  of  tha  primary  modas,  ataexlng  command  aubsodaa.  and 
waapon  aalectiee  yiald  tha  following  29  operational  modaa  (Figure*  15  through 
H): 

a.  ^aka-off/ manual  (FI*.  18) 

b.  Taka-off /TAC AN  (Fig.  15) 

0.  Crulaa/Vaotor  (Fig.  If) 
d.  Crulaa/TACAN  (Fig.  18) 

a.  Cntiaa/aanual  CFlg.  17) 

1.  Crataa/daatination  (Fig.  17) 
g.  A/A  manual  gun  (Fig.  II) 

b.  A/A  optical  track  (Fly.  18) 

I.  A/A  aldewlndar  boraalght  (Ftg.  II) 

J.  A/A  aldewlndar  NORMAL  (Fig.  II) 

k.  A/A  Fhoenlx  boraalght  (Fig.  20) 

l.  A/A  I'hoanix  aonual  (Fig.  20) 

m.  A/A  SPARROW  boraalght  (Fig.  21) 
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a.  A/A  SPARROW  normal  (Pig.  21) 

o.  A/C  Computer-Initial  Point  (FI* .  22) 

p.  A/0  Computer  -  Target  (Tig.  ?2) 


q.  A/0  Precision  Course  Direction  (Fig .  23) 

r.  A/0  Computer -Pilot  (Bomb)  (Fig.  23) 

e.  A/0  Computer -Pilot  (Guns,  Rockets)  (Fig.  24) 

t .  A/0  Manual  (Pig.  23) 

u.  Landing/ Vector  (Pig,  26) 

v.  Landing/ All  Weather  Landing  (Fig.  26) 

w.  Lending/TACAN  (Pig.  26). 

Other  HUD  Inputs 

Inputs  into  the  inertial  navigation  system  or  ^eapone  relection  by  the  pilot 
influences  whet  is  dspictsd  on  ths  HUD ,  HUD  tost  inodes  sre  initiated  when  INST 
la  selected  on  the  master  test  panel . 

8.  GENERAL  COMMENTS 

Further  detailed  Information  on  pilot  inputs  to  ths  HUD  units  are  available 
from  ths  tactical  manual  for  etch  alrcrait  Claaalfled  portions  of  this  information 
ere  not  Included  in  this  report. 

The  nodes  of  the  operation  available  to  ths  pilot  vary  considerably  from 
aircraft  to  aircraft.  This  can  be  explained  partly  in  terms  of  ths  missions  of  the 
different  aircraft  (i.e. ,  attack,  V/STOL,  fighter)  The  modes  specified  in 
KIL-D-91141  (AS)  are  as  follows: 

1 .  Takeoff/Navigation 

2 .  Terrain  Following 

3.  Bombing 

4.  Bor  Slight  Weapons 

5.  Guided  Weapons 


I.  Lending 
7.  Taat 
f.  Bor  Might 
I.  Standby 

The  terrelu -folio  wing  me  da  it  optional  for  both  attack  and  fighter  aircraft, 
bombing  mod*  ta  optional  far  flghtar  aircraft,  and  Quid  ad  Was  pons  aoda  la 
optional  (or  attack  aircraft.  Acoordlng  to  WL-D-11641  (AS) .  *Modaa  aucb  at 
BomUng.  Boraslgbt  Weapon*.  and  Non-Dor  aaight  a  la  all m  nay  have  submodes 
which  should  be  designated  by  tha  data  11  ad  apectflcationa  of  the  DUD  for  a 
particular  *lic.eft."  (I.  p.  11). 

ML-D-I1I41  (AS)  alao  lists  tha  manual  control  to  ba  proridad  on  tha  HUD 
oontrol  pans) .  These  controls  art: 

I.  Synbol  Brigbtnes  s/Off 
i.  Mods  Sal  actor  a 

S.  Submode  Saloctlon 

4.  HUD  Barometric/Radar  Altitude  Saloctlon 

5.  Barometric  Altitude  Adjustment 

«.  VAX  Selection  (vertical  velocity/ tlripeed/oach  number) . 

7 .  Scales  on/off 
«.  Filter 

I.  Standby  Reticle  Brightness 

10.  Standby  Reticle  MIL  Dapraaaion 

II .  Standby  Retie!*  Filament  Selection 

12.  Camera  on,  off 

13.  HUD  Control  f rul'd  Lights  Switch 

Aa  can  ba  noted  from  tho  previous  atetiona,  none  of  tha  aircraft  has  a 
HUD  control  panel  that  conforms  to  tha  military  specification  for  HUDa.  Acccrd- 
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tog  to  IGL’D-tlMl  (AS) .  tha  HUD  control  penal  la  to  be  located  on  the  starboard 
aid*  of  tht  cockpit.  Orly  tha  F-14A  aircraft  maata  this  apaclflcatlon. 

Although  all  tha  manual  HUD  controls  are  clearly  labolad.  tha  pilot  is 
required  to  bring  hla  ayes  back  "in**’’  tha  cockpit  to  ensure  proper  switch 
selection .  Controls  lccatod  on  the  aide  of  the  HUD  unit,  such  aa  In  the  A-4M , 
are  at  beat  difficult  to  read.  However,  informal  interviews  with  A-4M,  A-7B, 
AV-IA,  end  F-14A  pilots  indicate  that  the  pllote  do  not  consider  the  HUD  control 
panels  e  problem  tree .  All  pilots  interviewed  felt  that  the  panels  were  easy 
to  use,  end  there  wee  little  likelihood  ef  Inadvertent  control  activation  or  control 
oonfuekm .  Computer  inputs  to  tha  KUDe  era  typically  accomplished  on  the  deck 
prior  to  tail .  Rarely  ere  inpute  to  tha  HUD  via  the  computer  entered  In  flight. 
Overall,  the  workload  requirementa  for  computer  input  ar.dl  mode  selection  are 
minimal  and  are  not  considered  a  detriment  to  mission  performnnca. 

IV.  SUMMARY 

Operational  HUD*  were  found  to  differ  significantly  from  each  other  and  from 
the  military  specification  for  HUDa,  MIL-D-llMi  (AS) ,  with  respect  to  symbology 
sad  formating.  Furthermore,  display  clutter  waa  reports*  by  pilots  to  be  a  major 
problem .  A  oomprehonNve  intoraatlcn  processing  evaluation  ot  virtual  image 
aymbola  and  formating  under  dynamic  display  conditions  la  recommended. 

None  of  the  current  aircraft  has  a  HUD  control  panel  that  compiles  to 
MTL-D-HM1  (AS) ,  the  military  ■  pacification  for  HUDs.  Pilots  ere  required  to 
bring  their  eyes  back  "into*  the  cockpit  to  ensure  proper  switch  selecilon  and, 
consequently,  negate  the  primary  purpose  of  maintaining  a  head-up  mode. 
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Figure  1.  T«k*-cff/N«Tig*tian  Mode,  as  specified  la  HIL-D-tlMl CAS) 


Flgur*  3.  Boobing  Mod*.  ■■  tpeclfled  in  MEL-D-HI41  (AS) 


gbt  Weapon  Mod*,  aa  apactfiad  la  MH.-D-S2341  (AS# 


Landing  Mode,  as  specified  in  ftGL-D-Sl<41  (AS) 
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Figaro  I.  A-4M  Display  Modaa 
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Figure  13.  AV-8A  Display  Modes 
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Figaro  14.  AV-8A  Display  and  Te  Mode* 
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Figure  It.  M4A  Dtaplcy  Mod 
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Figure  23.  "-HA  Dleplay  Kodaa 
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Figure  U.  HUD  Control  Una  in  the  F-14A  m  TleimdJra*  the  pOoc*s 
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